Background: More recently, polyunsaturated fatty acids (PUFA) supplements have been used in grazing beef herds in attempt to influence specific metabolic pathways and hormones that directly modulate reproductive function. Supplementation of calcium salts of PUFA can positively influence ovarian follicular growth, luteal function, and improve reproductive performance in dairy and beef females. The aim of this experiment was to evaluate strategies of dietary treatments using PUFA supplementation for 30 days before or after FTAI protocol and its effects on of ovulatory follicle size, ovulation, pregnancy and gestational losses rates in beef heifers.
INTRODUCTION
Fixed-time artificial insemination (FTAI) is an alternative to improve massive use of genetic resources in beef herds. However, pregnancy rates rarely reach values above 55% in beef heifers under extensivily managed systems. In most cases, inadequate dietary intake and poor body condition score lead to subotimal ovarian activity at the beginning of breeding season limiting success of FTAI programs in beef herds [8] [9] [10] .
Nutritional management before reproductive period can improve the fertility in domestic ruminants, influencing follicular development, oocyte quality and pregnancy development. Nutritional components such as calcium soaps of fatty acids have been recommended in FTAI programs as an alternative to improve energy diet content and achieve better reproductive eficiency through benefits of systemic action of polyunsaturated fatty acids (PUFA) present in its composition [2] [3] [4] 21] . Several studies describe the positive effects of PUFA supplemetation on size of dominant follicles and ovulation [11, 16] , size and function of the corpus luteum [4, 12, 14] and oocyte quality [2, 7] . In addition, other authors have also observed that diets containing fatty acids improved embryonic quality [3] and circulating steroid hormones concentrations [4, 13, 14] . Higher plasma progesterone concentration prepares the uterine environment conditions, improving embryonic development, interferon-τ production and maternal recognition of pregnancy [1, 15, 20] .
We hypothesized that feeding beef heifers with 0.2 kg/day of PUFA supplementation 30 days before or after FTAI would affect positively ovulatory follicle size, ovulation and pregnancy rates and reduce gestation losses.
MATERIALS AND METHODS

Local
This experiment was conducted at the Agronomic Experimental Station of the Federal University of Rio Grande do Sul, in the city of Eldorado do Sul, physiographic region of the Central Region of Rio Grande do Sul state.
Animals, diets, and management
One hundred ninety-nine Brangus heifers 24 ± 3 months-old, 320 ± 15 kg of body weight (BW), mantained on pasture with stocking rate 300 kg/ha and forage availability was estimated at 1000 kg/ha of dry matter during the period. The initial of body condition score (BCS) was 2.85 ± 0.17, based on1 to 5 scale.
A rumen-protected PUFA source (Megalac-E ® ) 1 produced from the saponification process of a soybean oil containing 41.8% of linoleic acid and 3.6% linolenic acid was used in a proportion of 40% in a protein-mineral mixture (Mix A). A protein-mineral mixture containing only soybean meal, wheat bran and mineral salt (Mix B) without PUFA source was used before (Group 2), after (Group 1) FTAI and in all periods for Control heifers. Composition of different mixtures offered during the experiment period (Mix A and Mix B) are presented in Table 1 .
Experimental groups
Heifers were randomly assigned into three groups. Group 1 heifers (n=70) received Mix A containing 0.2 kg of PUFA for 30 days before FTAI, and after that the Mix B for 30 days. Group 2 heifers (n= 68) were treated in the opposite way, receiving the Mix B before FTAI and Mix A containing 0.2 kg of PUFA after FTAI. Control group (n= 61) received only Mix B during all period. Heifers were maintained on pasture with free access to mineral salt and water.
Heifers were weighed at the beginning of the experiment (Day -30), on FTAI (Day 0) and at the end of the supplementation management and pregnancy diagnosis (Day 30). Daily gain (DG, kg/day/animal) was calculated during the supplementation period.
Synchronization of estrous cycle and FTAI
Heifers were submitted to estrous synchronization treatment to FTAI ( Figure 1 ) using a progesterone (P4) intravaginal device and estradiol (E2). The protocol started with insertion of 1 g P4 device (Primer ® ) 2 associated with injection of 2 mg, IM, of estradiol benzoate (Ric-BE ® ) 2 . Seven days later, P4 devices were removed and heifers received 250 mcg, IM, of D-cloprostenol (Prolise ® ) 2 . Twenty-four h later, heifers received 1mg, IM, of EB and were inseminated at fixed-time between 48 to 52 h after removal of P4 devices using high quality semen previously evaluated. 
Ultrasonography
Subgroups of heifers (Group 1, n = 30), (Group 2, n = 32) and (Control, n = 30) had ovaries scanned by ultrasonography (Aquila ® , linear transretal transducer, 5-7.5 MHz) 3 on Day 0 to measure the ovulatory follicle diameter. On Day 1, heifers were examined again to determine the occurrence of ovulation by disappearance the dominant follicle (≥ 10 mm) previously detected on Day 0. All females were examined for pregnancy diagnosis by ultrasonography 30 and 60 days after FTAI.
Statistical analysis
Data were analyzed using descriptive statistics. As a measure of central tendency, the median was calculated and on dispersed data minimum and maximum values were calculated. The quantitative variables with normal distribution were analyzed by one-way ANOVA. In addition, the differences of categorical variables such as ovulation and pregnancy rates were analyzed by Chi-square test (χ²), considering P < 0.05 as significant. All analyses were performed using SAS (Statistical Analysis System, version 9.3) 4 .
RESULTS
Daily gain
Average Daily Gain (DG) in periods before (D-30 to D0) and after FTAI (D0 to D30) are presented in Table 2 . Daily gain (DG) was higher (P < 0.05) in Group 1 (0.501 kg/day) when supplemented with 0.2 kg of PUFA 30 days prior FTAI compared with Group 2 (0.340 kg/day) and Control (0.404 kg/day). But after FTAI Group 2 heifers had higher (P < 0.05) DG (0.835 kg/day) than Group 1 (0.393 kg/day) and Control (0.461 kg/day). Values with different superscripts in collum differ (P < 0.05). Group 1: Heifers offered 0.5 kg daily of a protein-mineral mix containing addition of 0. Table 3 summarizes the effects of dietary PUFA supplementation on diameters of ovulatory follicles at FTAI, ovulation within 24 h after FTAI 
Ovulatory follicle, ovulation and pregnancy rates on Day 30 and Day 60
DISCUSSION
Supplementing PUFA prior or during the breeding season can be a strategy to increase energy density and improve DG and pregnancy rate in beef heifers. In the present study, positive effect of addition of PUFA in the diet resulted in a higher DG in heifers when supplemented with PUFA (Mix A). Feeding of supplemental fat increase propionic acid production and propionate:acetate ratio [5] , resulting a higher efficiency of energy utilization, energy portioning and consequently a positive effect on DG. Although there is evidence that feeding fatty acids improve energy status of beef heifers, an enhanced reproductive performance may occur apart from energy balance [6] . Increased serum concentration of insulin, insulin growth factor-I (IGF-I) and Growth hormone (GH) were observed in response to PUFA supplementation in beef cows playing a role in follicular development [16] .
In previous studies [4, 11, 15] larger sizes of ovulatory follicles were observed in cows fed with rumen-protected PUFA supplementation. Changes in follicular dynamics were affected by PUFA supplementation resulting potential alterations in ovarian sensivity to hormones such as IGF-I and gonadotrophins (FSH and LH) [13, 17, 20] . Thus, improvement in reproductive performance of beef heifers depends on stimulation of ovarian activity before FTAI program [6, 8] . These finds can explain why Group1 heifers supplemented with PUFA before FTAI protocol presented larger diameter of ovulatory follicles and higher pregnancy rate when compared to Group 2 and Control. Results observed in this study, indicate that pre-breeding PUFA supplementation is more effective to improve reproductive performance in beef heifers. In dairy cows, previous studies also observed that supplementation with PUFA determined larger dominant follicles compared to non-supplemented (16.9 and 14.1 mm) and (16.5 and 15.0 mm) [15, 18] . The highest frequency of ovulation in the period up to 24 h after AI, is related to synchronization protocol efficiency and is reflected in improved pregnancy rates. In this study, although heifers supplemented with PUFA before FTAI program had larger ovulatory follicles, ovulation rate was not different among dietary treatments.
Several studies determined that lipid supplementation would improve pregnancy rate in dairy and beef cows [8] [9] [10] 18, 20] , however results are still controversial and further studies are required to understand the influence fat diets in reproductive programs of beef heifers [4, 7] . In Bos indicus suckled cows supplemented with a source PUFA (0.1 kg/day) for 39 days starting at the synchronization protocol to FTAI, it was observed 11% higher pregnancy rate than control cows [9, 10] . This data shows that the ef-fect of fat supplements on fertility is not only due to the improvement in the energy balance, but also by the specific effect of dietary fatty acids on the axis of hypothalamic-pituitary-ovarian and uterus [15, 16] .
Addition of PUFA in beef cows diet resulted in elevation of serum cholesterol, a primary substrate to progesterone synthesis, allowing an increase in synthesis of this hormone and reduction in liver metabolization [17] and consequently higher levels of progesterone and chance of pregnancy [12, 18, 19] . It is well established that progesterone concentration plays a major role in stimulating endometrial secretions necessary for succesful developmen of early embryo [12] . Progesterone concentration is essential to development of embryo, placenta implantation and maintenance of pregnancy. These physiological processes are related to progesterone secretion in early pregnancy and are responsible for controlling luteal regression. A low level of mid-phase luteal progesterone leads to a stronger release of PGF 2α from the uterus. Another important factor that may affect the pregnancy establishment is the suppression of secretion of PGF 2α already observed in other studies [13, 18, 20] when cows were supplemented with a PUFA source. This effect can potentially result in sustained progesterone release and reduction of embryonic mortality [18, 20] . However, in the present study PUFA supplementation did not influence pregnancy loss between Day 30 and Day 60 of gestation.
CONCLUSION
Results of this study indicate that PUFA supplementation before FTAI protocol has a positive effect on reproductive performance of beef heifers by directly improving ovarian function, uterine environment and establishment of pregnancy. Therefore, a better understanding of how a small amount of calcium salts of PUFA affects reproductive efficiency in beef heifers is required to establish nutrition strategies under field conditions. Declaration of interest. None of authors have any conflict of interest to declare. The authors alone are responsible for the content and writing of the paper.
